Background and Purpose-Stroke guidelines recommend time-limited trials of nasogastric feeding prior to percutaneous endoscopic gastrostomy (PEG) tube placement. We sought to describe timing of PEG placement and identify factors associated with early PEG for acute ischemic stroke. Methods-We designed a retrospective observational study to examine time to PEG for ischemic stroke admissions in the Nationwide Inpatient Sample, 2001 to 2011. We defined early PEG placement as 1 to 7 days from admission. Using multivariable regression analysis, we identified the effects of patient and hospital characteristics on PEG timing. Results-We identified 34 623 admissions receiving a PEG from 2001 to 2011, 53% of which received the PEG 1 to 7 days from admission. Among hospitals placing ≥10 PEG tubes, median time to PEG for individual hospitals ranged from 3 days to over 3 weeks (interquartile range 6-8.5 days). Older adult age groups were associated with early PEG (≥85 years versus 18-54 years: adjusted odds ratio 1.68, 95% confidence interval 1.50-1.87). Those receiving a PEG and tracheostomy were more likely to receive the PEG beyond 7 days, and these patients were more often younger compared with PEG only recipients. Those admitted to high-volume hospitals were more likely to receive their PEG early (≥350 versus <150 hospitalizations; adjusted odds ratio 1.26, 95% confidence interval 1.17-1.35). Conclusions-More than half of the PEG recipients received their surgical feeding tube within 7 days of admission. The oldest old, who may benefit most from time-limited trials of nasogastric feeding for ≥2 to 3 weeks, were most likely to receive a PEG within 7 days.
D ysphagia, or difficulty swallowing, is a common occurrence after stroke, occurring in ≥65% of stroke patients. 1 About half of the patients with dysphagia improve within 2 weeks and 15% continue to have persistent dysphagia after 1 month. Prior studies evaluating early percutaneous endoscopic gastrostomy (PEG) feeding compared with nasogastric feeding and delayed PEG< if needed, have shown that there was no benefit and, possibly, a borderline increase in the absolute risk of death or poor outcome with a policy of early PEG placement (48% within 3 days) compared with early nasogastric feeding followed by PEG if needed. 2 Because of this and the limited data available to predict outcomes among dysphagic stroke patients, providers often use time-limited trials of artificial nutrition. The American Stroke Association Guidelines for the Early Management of Patients With Acute Ischemic Stroke recommend nasogastric feeding over PEG tube feeding for a period of ≥2 to 3 weeks after stroke onset. 3 Prior studies have found significant variation in the surgical placement of feeding tubes after stroke, with many hospital factors influencing the decision to place a PEG tube. 4 However, little is known about the current practices in time to PEG tube placement for stroke admissions and which factors may impact the timing of PEG placement. In the setting of health system pressures to reduce length of stay and maintain efficiency, we hypothesized that many patients receive their PEG tubes early on in their hospital stay. We sought to describe the timing of surgical feeding tube placement for patients hospitalized for acute ischemic stroke, to identify characteristics associated with early PEG tube placement, and to assess variability between hospital practices in timing of PEG placement. Sample, 2001 Sample, -2011 . 5 Detailed description of the Nationwide Inpatient Sample database can be found in the online-only Data Supplement.
Hospitalization Selection
We selected adult (age ≥18 years) acute ischemic stroke admissions from January 1, 2001 , to December 31, 2011, using International Classification of Diseases-Ninth Revision-Clinical Modification (ICD-9-CM) primary diagnosis codes 433.x1, 434.x1, 436 for ischemic stroke (Figure 1) . Observations with missing data for variables such as age, sex, race, length of stay, and time to procedure were excluded from the analysis. We further identified patients who underwent surgical placement of a PEG tube (Agency for Healthcare Research and Quality Clinical Classification Software code 71). Patients receiving their PEG tube >30 days from the time of admission (n=449) were considered outliers who may be more prone to coding error and were therefore excluded. Description of patient and hospital characteristics used can be found in methods in the onlineonly Data Supplement.
Outcome Measures
We defined early PEG placement as those receiving a PEG tube within 1 to 7 days from admission, which marks the median time to PEG placement for US ischemic stroke patients in the sample and the time within which the majority of stroke patients received a PEG in the PEG versus nasogastric trial. 2 We determined covariate association with early PEG tube placement using descriptive, univariate, and multivariable analyses. Only variables with <10% missing data that were significant in the univariate analysis were included in the multivariable model. Variability between hospitals in average time to PEG and rates of early PEG were studied among all stroke admissions within hospitals placing ≥10 PEG tubes for stroke patients. We performed a small subgroup analysis examining the effect of age and receiving a tracheostomy on early versus later (>7 days from admission) PEG placement. Finally, we investigated the association between early PEG tube placement and length of stay among survivors, inpatient mortality, and discharge disposition.
Sensitivity Analysis
Two sensitivity analyses were performed. Given the high level of missing data on race, we examined the results of the multivariable model predicting early PEG tube placement on the subset of admissions with race available. In addition, 4.5% of patients received a PEG on either day 1 or 2 of admission, and given that some of these patients may have been readmitted for the sole purpose of PEG placement, we examined the multivariable model predicting early PEG placement, excluding this minority of patients.
Statistical Analysis
We compared categorical variables using chi-squared tests and continuous variables with Student t test or Wilcoxon rank-sum tests as indicated. Trends were assessed using a Cochran-Armitage test of trends. Multivariable logistic regression analysis was used to determine factors associated with early PEG tube placement. Hospital practice variability was measured using the coefficient of variation, range and interquartile range. Statistical significance was set a priori at P<0.05. Analyses were performed using Stata v13.0. (Stata, College Station, TX). All Healthcare Cost and Utilization Project data have been deidentified, and therefore, the analysis is exempt from federal regulations for the protection of human research participants, and institutional review board approval was not necessary. The analysis is in compliance with the Healthcare Cost and Utilization Project data use agreement.
Results
A total of 34 623 PEG tube placements for acute ischemic stroke adult inpatients were identified from 2001 to 2011 (Figure 1 ). The average time to PEG tube placement for stroke hospitalizations was 8.4 days from the time of admission (median 7 days, interquartile range =5-11). Over half (53.5%) of stroke hospitalizations receiving a PEG tube had the procedure early or within 7 days of admission. The rate of early PEG did not change substantially over time (P trend =0.38), ranging between 52% and 55% from 2001 to 2011 ( Figure I in the online-only Data Supplement). However, among those receiving a PEG tube during the time period examined, there was a trend toward young and fewer Medicare patients, fewer females, greater comorbidity, and greater representation of teaching, urban, and higher volume hospitals (Table I in the online-only Data Supplement).
In the unadjusted analysis (Table 1) , patient characteristics, including older age, female sex, white race, Medicare insurance, and low-to middle-income origins, were associated with early PEG placement. Hospital characteristics associated with early PEG in the unadjusted analysis included nonteaching, rural, and low stroke volume hospitals, as well as those hospitals that intubate a smaller proportion of stroke patients and have lower hospital charges on average for stroke patients.
There were 2936 stroke hospitalizations (8.5%) that received a tracheostomy in addition to a PEG tube, which represents just 0.3% of the entire ischemic stroke sample from 2001 to 2011. Over 90% of those receiving both a PEG and a tracheostomy were <85 years old, compared with 73% of those with a PEG only (P<0.001). Nearly one quarter of the youngest stroke patients with a PEG tube (age 18-54 years) had a PEG and tracheostomy compared with just 2% of those 
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February 2017 ≥85 years of age (P<0.001; Figure II in the online-only Data Supplement). The average time to PEG placement for those with a tracheostomy was 12.8 days compared with 8.0 days without a tracheostomy (P<0.001). In addition, those receiving a tracheostomy had the procedure an average of 12.6 days from the time of admission. For those receiving a PEG only, the oldest old (≥85 years) were most likely to receive a PEG early (P<0.001), whereas among those receiving both a PEG and tracheostomy, the oldest old were least likely to receive a PEG early (P=0.02; Figure 2 ). Among 1401 hospitals placing ≥10 PEG tubes (n=22 840 admissions), the median time to PEG placement for hospitals ranged from 3 days to 23 days from admission, and the median rate of early PEG placement was 56.4% (interquartile range 41.1%-66.7%; Figure 3 ).
Within the multivariable regression model (Table 2) , the strongest predictor of early PEG was older age, with those ≥85 years old (versus 18-54 years; adjusted odds ratio 1.70, 95% confidence interval 1.46-1.98) having the greatest odds of early PEG. Receiving a tracheostomy on the same admission was the strongest predictor for receiving a later PEG tube (versus no tracheostomy; adjusted odds ratio 0.27, 95% confidence interval 0.24-0.29). The model also demonstrated an association with later PEG placement and receiving care within Figure 2 . Early PEG tube placement for acute ischemic stroke hospitalizations (A) without and (B) with tracheostomy by age group. PEG indicates percutaneous endoscopic gastrostomy. *Later PEG placement was defined as >7 days from the time of admission, whereas early PEG placement is defined as 1 to 7 days from admission. †Mean hospital charges represent the average of all hospital charges for stroke admissions within an individual hospital in a given year. Charges were adjusted using the Medical Consumer Price Index for all urban consumers prior to averaging to account for inflation. The highest and lowest 1% were excluded to avoid influence of outliers. (Tables II  and III in the online-only Data Supplement). When examining the effect of early PEG tube placement as a predictor of various outcome measures, we found those receiving an early PEG tube were more likely to have shorter length of stay and had greater odds of discharge to home or acute rehabilitation (Table 3 ). The odds of discharge to skilled nursing or long-term care were less for early PEG during a stroke hospitalization. However, when these same outcomes were examined in the subset of patients ≥85 years (n=8788), there was no association with discharge to home, acute rehabilitation, and skilled nursing or long-term care (Table IV in the online-only Data Supplement). There was no association with early versus later PEG tube placement and inpatient mortality for all patients.
Discussion
Among acute ischemic stroke patients hospitalized in the United States who receive a PEG tube, we found that more than half (53%) receive their surgical feeding tube within 7 days of admission. Similar to findings from other smaller studies, 6 this suggests a mismatch between practice reality and stroke guidelines, which recommend time-limited trials of nasogastric feeding for a period of ≤2 to 3 weeks prior to placing a surgical feeding tube. 7 We found that age was the greatest determinant of early PEG tube placement. In fact, the oldest PEG tube recipients (≥85 years) had 1.7× the adjusted odds of receiving an early PEG compared with the youngest (18-54 years), and there were no differences in discharge disposition for those receiving their PEG early versus later in this subset of older patients.
Our study demonstrates that ≈2 out of every 3 patients ≥85 years old with a stroke and PEG tube receive their PEG within 7 days of their hospitalization. Prior studies have found a greater likelihood of PEG tube complications and hospital readmissions with advanced age. 8 Also, from the FOOD trials (Feed or Ordinary Diet), a comparison of early feeding via PEG versus nasogastric tube and delayed PEG, if needed, demonstrated that early PEG feeding was associated with a borderline increased risk of death or poor outcome. 2 Furthermore, the study showed that among patients randomized to nasogastric feeding, only 28% later received a PEG tube. 2 This suggests that time-limited trials, which may represent a period of ≤2 to 3 weeks, may affect whether a patient will receive a feeding tube-an important decision because many patients have strong preferences regarding their use. 9, 10 In fact, 1 study recently found that >50% of seriously ill hospitalized patients viewed relying on a feeding tube to live as equal to or worse than death, although this study did not include stroke patients and preference may change as death draws near. 11 Also, surgical feeding tube placement is a marker for an overall poor prognosis, with only about half of patients receiving a PEG tube in prior studies surviving to 6 months, and 85% of those surviving had moderate to severe disability.
2 Therefore, these results should provide pause when considering a surgical feeding tube for older adults early on in their hospitalization because this group of patients is potentially the most likely to benefit from time-limited trials of nasogastric feeding for ≤2 to 3 weeks, allowing for greater time spent on patient/family discussions.
For younger PEG recipients, receiving an early PEG tube was associated with discharge to home or acute rehabilitation. Eligibility for these dispositions may ultimately drive the decision to place a surgical feeding tube early in the hospitalization for the appropriate patient. However, the decision should be weighted with patient/family preferences after an informed discussion. If artificial nutrition is needed beyond 2 to 3 weeks, PEG feeding has traditionally been the preferred approach because of its association with improved patient safety and outcomes; however, these studies are outdated and small. 12, 13 Given the shortcomings of this evidence, the time may still be right for more prolonged alternatives to PEG tubes for select patients, and the use of nasogastric feeding during rehabilitation should be explored further given advancements in outpatient management. [14] [15] [16] For all patients with dysphagia early on in their hospitalization, eliciting preferences and arranging alternative means of feeding (eg, careful hand-feeding) if desired is an essential aspect of poststroke care. 10, 17 In our study, the youngest patients receiving a PEG tube after an acute stroke more often additionally required a tracheostomy during their admission compared older patients (24% in those aged 18-54 years versus 2% in those aged ≥85 years). This could be a result of more severe strokes, leading to respiratory failure with intensive care unit stays in younger patients receiving a PEG tube, whereas older patients requiring a PEG tube may more often experience dysphagia in isolation because of age-related effects on swallow functioning 18 ; however, our data set was limited in the inability to assess stroke severity based on National Institutes of Health stroke scale or imaging, so this is difficult to confirm. For these patients receiving a tracheostomy, only ≈20% received a PEG tube early in their hospitalization. The timing of PEG and tracheostomy seemed to coincide at ≈12 days from the time of admission and seem to be similar in terms of timing for critical care patients, in general, including those having trauma or sepsis. 19 However, the optimal timing of tracheostomy for patients mechanically ventilated with stroke remains unclear and is an active area of research. 20 Hospitals with larger stroke volume were associated with early PEG placement in the multivariable model, yet, later PEG placement in the unadjusted analysis. This reversal is likely because of confounding factors, such as disease severity (eg, greater intubations and tracheostomies) within highvolume centers. The tendency to place PEG tubes early in the adjusted model could reflect the efficiency within large stroke centers, which translates to reduced length of stay and more *Mean hospital charges represent the average of all hospital charges for stroke admissions within an individual hospital in a given year. Charges were adjusted using the Medical Consumer Price Index for all urban consumers prior to averaging to account for inflation. The highest and lowest 1% were excluded to avoid influence of outliers. process-driven care. 21 The unanswered question is, does quality of patient/family discussions regarding feeding decisions suffer at the expense of efficiency? Strategies that incorporate family discussions into processes of care 22 and standardization of the approach with tools such as decision aids 23 may help to prevent overlooking key dialogues that patient's and their families may find important. 24 In addition to overall high utilization of early PEG tube placement, we found wide variation in practices between hospitals. For hospitals placing at least 10 PEG tubes in the Nationwide Inpatient Sample, the median time to PEG placement ranged from ≈3 days to 3 weeks from the time of admission. While 75% of hospitals placed PEG tubes 1 to 7 days from admission between 42% and 67% of the time for stroke patients, most of the variation came from hospitals in the upper and lower quartiles (Figure 3) . Indeed, some providers or institutions may lack awareness of the potential benefits of delayed PEG placement, leading to greater variation. Additional clinical factors that may alter the timing of PEG tube placement include anticoagulation and also intolerance or frequent interruptions of nasogastric feeding. Further research is needed to better understand reasons for this significant practice variation, beyond the patient and hospital predictors used in our analysis.
Our study has several limitations. We used an administrative data set, which relies on International Classification of Diseases-Ninth Revision coding to identify patients, which lack granularity and may contain some inaccuracies in identifying diagnoses and procedures. In addition, the data set does not have robust clinical data to describe stroke severity, functional disability, and size or location of the infarct, which may importantly impact the timing of PEG tube placement. In addition, we used time from admission to PEG placement, which may be different from stroke onset-although the majority of stroke patients present within hours of stroke onset. 25 We used risk adjustment using a Charlson Comorbidity Index tailored for stroke outcomes studies, which may be a meaningful covariate to capture general illness severity in stroke patients. We accounted for the presence of atrial fibrillation, a likely marker for embolic disease. In addition, we included tracheostomy placement indicating critical respiratory failure, which in this population is most commonly attributed to severe neurological disease as a result of a stroke. Complications, such as aspiration pneumonia, hemorrhagic transformation, and other comorbid diagnoses, were not used in this analysis of predictors because it would not be possible to understand the true sequence of events using these data and, therefore, difficult to interpret the effect on PEG tube placement. Perhaps, most importantly, our study does not investigate how often a discussion of PEG tube placement occurs for stroke admissions, nor does it provide insight into the quality of patient/ family discussions, which lead to the shared decision to place a surgical feeding tube.
Despite these limitations, we provide insight into the factors that could influence the timing for a discussion of PEG tube placement and may help to guide the development and implementation of novel patient engagement strategies (eg, decision aids) in practice. Our findings further emphasize the need to diagnose patient preferences to allow for a shared decision that is in the patient's best interest. Appreciating individual circumstances and the optimal timing of discussions will help to understand and standardize how providers guide feeding decisions for patients after a stroke. The effect of early vs later PEG placement was studied on various outcomes using the outcome as the dependent variable in a multivariable regression analysis adjusting for patient demographics (age, sex, payer, income), comorbidities (Charlson index, atrial fibrillation, tracheostomy placement), and hospital characteristics (teaching status, urban/rural location, stroke volume, intubation use, and mean charges for stroke patients). CI indicates confidence interval; LTC, long-term care facility; PEG, percutaneous endoscopic gastrostomy; SD, standard deviation; and SNF, skilled nursing facility.
*Logistic regression analysis was used, and adjusted odds ratios were reported except for length of stay, where negative binomial regression analysis was used and an incident rate ratio was reported.
†For discharge to acute rehab or SNF/LTC, 16.8% of data were missing because of incomplete reporting of detailed disposition, and therefore, these missing values were excluded from the respective analyses.
